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In the title complex, [Co(Ci 8 H 18 N 2 0 4 )(C 2 H 3 0 2 )(H 2 0)]- 
2CH 3 OH, the Co 111 atom is hexacoordinated by water and 
acetate groups in the axial positions and by the tetradentate 
Schiff base occupying equatorial positions. These axial bonds 
are longer than the equatorial bonds to the tetradentate Schiff 
base. Two molecules form a dimer through strong hydrogen 
bonds from the coordinated water of one molecule to the 
methoxy O atoms of an adjoining molecule. There is extensive 
intra- and intermolecular O— H- ■ O hydrogen bonding 
between the coordinated water and acetate ligands and the 
methanol solvent molecules. In addition, there are weak 
intermolecular C— H- ■ O interactions, which link the mol- 
ecules into a three-dimensional array. 

Related literature 

For reports on 0 2 binding of related cobalt complexes, see: 
Huie et al. (1979); Lindblom et al. (1971). For related dimeric 
structures formed through hydrogen bonding, see: Huie et al. 
(1979); Assey et al. (20106). For structurally related complexes 
with included hydrogen-bonded solvent molecules, see: Assey 
et al. (2010fl,b); Ayikoe et al. (2010); Bao et al (2009); Ayikoe 
et al. (2011). For the use of cobalt(III)-salen complexes as 
catalysts, see: Morandi et al. (2011); Haak et al. (2010) and for 
the potential applications of cobalt-Schiff base complexes for 
magnetic and/or conducting devices, see: Nabei et al. (2009); 
Lin et al. (2011). 




Experimental 

Crystal data 

[Co(C 18 H 18 N 2 0 4 )(C 2 H 3 0 2 )(H 2 0)]- 

2CH 4 0 
M r = 526.42 
Monoclinic, P2Jc 
a = 9.6306 (3) A 
b = 13.4129 (5) A 
c = 17.9746 (7) A 

Data collection 

Oxford Diffraction Xcalibur 
diffractometer with a Ruby 
(Gemini Mo) detector 

Absorption correction: multi-scan 
(CrysAlis RED; Oxford 



Refinement 

R[F 2 > 2a(F 2 )} = 0.040 

wR(F 2 ) = 0.106 

5 = 1.00 

7669 reflections 

322 parameters 

3 restraints 



Table 1 

Selected bond lengths (A). 



j3 = 90.716 (3)° 

V = 2321.67 (15) A 3 

Z = 4 

Mo Ka radiation 
li = 0.80 mm~' 
T = 115 K 

0.49 x 0.45 x 0.38 mm 



Diffraction, 2007) 

T min = 0.916, T max = 1.000 
16513 measured reflections 
7669 independent reflections 
5549 reflections with / > 2a(I) 
R inl = 0.027 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.86 e A~ 3 

Ap mi „ = -0.45 e A~ 3 



Co-02 
Co-Nl 
Co-Ol 



1.8839 (8) 
1.8870 (10) 
1.8892 (8) 



Co-N2 

Co-Oil 

Co-OlW 



1.8910 (10) 
1.8995 (8) 
1.9454 (8) 



Table 2 

Hydrogen-bond geometry (A, °). 



D-H-A 


D—H 


H- • -A 


D-A 


D — H- ■ A 


01S-H15-012 


0.84 


1.83 


2.6671 (14) 


174 


02S-H2S- ■ OlS 


0.84 


1.95 


2.7682 (17) 


165 


OIW-HIWI- ■ Ol' 


0.80 (1) 


1.99 (1) 


2.7334 (11) 


153 (1) 


OIW-HIWI- ■ 03 1 


0.80 (1) 


2.32 (1) 


2.9124 (13) 


131 (1) 


01W-H1W2- ■ 02 1 


0.80 (1) 


2.18 (2) 


2.8071 (11) 


136 (1) 


OW-H1W2- ■ 04 1 


0.80 (1) 


2.17 (1) 


2.8840 (12) 


148 (2) 


C9-H9/1-015" 


0.99 


2.52 


3.2610 (16) 


132 


C13-H13/i---011 iii 


0.95 


2.61 


3.5380 (15) 


165 


C12A-H12B- ■ Ol 


0.98 


2.38 


3.1807 (15) 


139 


C8-H8/1- ■ 025 iv 


0.95 


2.55 


3.4335 (16) 


155 


ClO-HlO^l- ■ 02S" 


0.99 


2.61 


3.5119 (17) 


151 


C12A-H12C-025 V 


0.98 


2.62 


3.5541 (19) 


161 


Symmetry codes: (i) — x 4 
(iv) -x + l.y-l, + I 


•l,-y + l,-z- 
(v) -x + 2, _v - 


f 1; (li) x - 
|, -Z + |. 


1, y, z; (iii) — x + 





Data collection: CrysAlis PRO (Oxford Diffraction, 2007); cell 
refinement: CrysAlis PRO; data reduction: CrysAlis PRO; 
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program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); 
molecular graphics: SHELXTL (Sheldrick, 2008); software used to 
prepare material for publication: SHELXTL. 

RJB wishes to acknowledge the NSF-MRI program (grant 
CHE-0619278) for funds to purchase the diffractometer. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: JJ2140). 
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idene)]diphenolato}cobalt(lll) methanol disolvate 
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Comment 

Cobalt Schiff base complexes are of great importance because of their involvement in biological systems. One of their 
reactions of biological importance is that of binding O2 to a metal chelate (Lindblom et al. 1971). In recent years, there 
have been reports about many studies of metal complexes with di-oxygen as one ligand (Huie et al, 1979). The reason 
behind these studies is to understand the binding between oxygen and transition metals in the proteins that are involved in 
oxygen transport in living creatures. Another area where the cobalt Schiff bases have find application is that of organic 
reactions catalysis (Haak et al. 2010). Cobalt(III) salen complexes have been described in the literature as catalysts for 
enantioselective cyclopropagation with diazoacetates in organic media (Morandi et al. 201 1). Cobalt Schiff base 
complexes have also been investigated with respect to their potential application for magnetic and/or conducting devices 
(Nabei et al, 2009; Lin et al, 2011). 

In view of the importance of cobalt Schiff base complexes the structure of the title compound, C0C20 
H23N2O7 2(CH 3 OH), has been determined. Schiff base ligands containing a methoxy or ethoxy substituent in the 3 position 
in the aromatic ring and in a cis conformation about the central metal are often involved in interactions where these 
substituent are either coordinated to a metal (Assey et al, 20\0a,b; Ayikoe, et al, 2010) or form strong hydrogen bonds 
to a water molecule (or some other suitable solvent such as dimethylformamide) in the cavity created by this 
conformation (Bao et al, 2009; Ayikoe et al, 2011). In this case, as is found in related Mn and Co complexes (Assey et 
al, 2010Z>; Huie, et al, 1979), this is achieved by two metal complexes coming together to form a hydrogen bonded 
dimer. The axially coordinated water molecules of each metal complex form strong hydrogen bonds to the two methoxy 
groups of the adjoining complex (OlW-Ol 2.7335 (11), OlW-03 2.9124 (13), 01 W- 02 2.8071 (11), OlW-04 
2.8840 (12) A). 

The structure consists of six coordinate Co(III) in a slightly distorted octahedral geometry with both methanol and water 
occupying the axial positions and a tetradentate Schiff base (N 2 0 2 ) which is in the equatorial plane. In addition there are 
two molecules of solvate methanol in the lattice (Fig. 1). From Table 1 it can be seen that the equatorial metal ligand 
bond lengths are very similar and vary from 1.8839 (8)A to 1.8910 (10)A while the axial bond lengths to the water and 
acetate moieties are slightly longer at 1.9454 (8)A and 1.8995 (8)A respectively. The only slightly distorted nature of the 
coordination sphere about the Co is emphasized by the fact that the cis angles vary from 78.40 (4)° to 94.18 (4)° while 
the trans angles range from 173.73 (3)° to 178.40 (4)°. 

There is extensive O — H— O intra- and intermolecular hydrogen bonding between the coordinated water and acetate 
moieties and the methanol solvate molecules (Fig. 2). In addition there are weak C — H— O intermolecular interactions. 
These link the structure into a three-dimensional array. 



Acta Cryst. (2012). E68, m962-m963 



sup-1 



supplementary materials 



Experimental 

The synthesis of the ligand 3-methoxyethylenediaminebissalicylaldimine was accomplished by the reaction of the 
solution of (2 g, 33.3 mmol) of ethylenediamine in 10 ml methanol which was added to the solution of o-vanillin in 40 ml 
methanol dropwise using a glass pipette. The mixture was refluxed for 24 h. After solvent evaporation under reduced 
pressure yellow solids were obtained. 

The complex was synthesized by mixing a solution of (0.25 g, 1 mmol) of Co(CH 3 COO) 2 4H 2 0 in 5 ml me thanol with a 
solution of (0.33 g, 1 mmol) 3-methoxyethylenediaminebissalicylaldimine in 3 ml of dichloromethene. The mixture was 
stirred for 1 h at room temperature, filtered and layered with diethyl ether for crystallization. Crystals suitable for single- 
crystal X-ray diffraction were obtained by slow evaporation. 

Refinement 

H atoms were placed in geometrically idealized positions and constrained to ride on their parent atoms with a C — H 
distances of 0.95 and 0.99 A t/ iS0 (H) = l.2U cq (C) and 0.98 A for CH 3 [C/ is0 (H) = 1.5C/ eq (C)]. The H atoms attached to 
methanol O were idealized with an O-H distance of 0.84 A. The water H's were constrained to have a bond length of 0.82 
A and bond angle of 104.5°. 

Computing details 

Data collection: CrysAlis PRO (Oxford Diffraction, 2007); cell refinement: CrysAlis PRO (Oxford Diffraction, 2007); 
data reduction: CrysAlis PRO (Oxford Diffraction, 2007); program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 
2008); software used to prepare material for publication: SHELXTL (Sheldrick, 2008). 
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Figure 1 

Molecular Structure of the title compound (dimer) along with hydrogen bonding interactions between the coordinated 
water molecule of one molecule and adjoining oxygen atoms of an adjacent molecule (generated by symmetry codes 1 - 
x, 1 - y, 1 - z). Hydrogen bonding and weak C — H-0 intermolecular interactions are shown by dashed lines. 
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Figure 2 

The molecular packing for C22H31C0N2O9 viewed along the a axis. O — H-0 hydrogen bonding and weak C — H-0 
intermolecular interactions are shown by dashed lines. 

Acetato(aqua){6,6'-dimethoxy-2,2'-[ethane-1,2- diylbis(nitrilomethanylylidene)]diphenolato}cobalt(lll) 
methanol disolvate 



Crystal data 

[Co(C 18 H 18 N 2 04)(C 2 H 3 0 2 )(H 2 0)]-2CH 4 0 

M r = 526.42 

Monoclinic, P2\lc 

Hall symbol: -P 2ybc 

a = 9.6306 (3) A 

6= 13.4129 (5) A 

c= 17.9746 (7) A 



P = 90.716 (3)° 
V= 2321.67 (15) A 3 
Z = 4 

7^(000)= 1104 

D x = 1.506 Mgnr 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 8159 reflections 
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9 = 4.6-32.6° 
H = 0.80 mm- 1 
T= 115 K 

Data collection 

Oxford Diffraction Xcalibur 
diffractometer with a Ruby (Gemini Mo) 
detector 

Radiation source: Enhance (Mo) X-ray Source 
Graphite monochromator 
Detector resolution: 10.5081 pixels mm" 1 
m scans 

Absorption correction: multi-scan 
(CrysAlis RED; Oxford Diffraction, 2007) 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

RIF 2 > 20-CF 2 )] = 0.040 

wRiF 2 )^ 0.106 

S = 1.00 

7669 reflections 

322 parameters 

3 restraints 

Primary atom site location: structure-invariant 
direct methods 



Block, black 

0.49 x 0.45 x 0.38 mm 



7^ = 0.916,7^=1.000 
16513 measured reflections 
7669 independent reflections 
5549 reflections with I > 2e(I) 
R mt = 0.027 

ftnax = 32.7°, 8 m i n = 4.6° 

h = -14— >10 
£ = -19^19 
/ = -26^24 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = 1/K7V) + (0.0609P) 2 ] 

where P = (F 0 2 + 2F 2 )/3 
(A/(7) max = 0.003 
Ap max = 0.86 e A" 3 
A/) min = -0.45 e A~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > oiF 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


77 *IU 


Co 


0.466441 (15) 


0.494930 (12) 


0.628307 (8) 


0.01070 (3) 


01 


0.51899 (8) 


0.38488 (6) 


0.56942 (4) 


0.01284(17) 


02 


0.61286 (8) 


0.56561 (6) 


0.58402 (4) 


0.01292(17) 


03 


0.66160 (8) 


0.25427 (7) 


0.49906 (5) 


0.01703 (19) 


04 


0.81315 (8) 


0.63147 (7) 


0.50542 (5) 


0.0193 (2) 


Oil 


0.57142 (8) 


0.45215 (7) 


0.71259 (4) 


0.01444(18) 


012 


0.74146 (9) 


0.41453 (8) 


0.78855 (5) 


0.0254 (2) 


OlS 


0.97081 (11) 


0.51409 (8) 


0.82748 (6) 


0.0316(3) 


HIS 


0.9021 


0.4805 


0.8128 


0.038* 


02S 


1.00189 (11) 


0.71051 (10) 


0.78342 (6) 


0.0372 (3) 


H2S 


0.9767 


0.6530 


0.7959 


0.045* 


OIW 


0.34122 (8) 


0.53835 (7) 


0.54896 (4) 


0.01342(17) 
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a 1 TAC { \ A\ 

0.3 /SO (14) 


A CTTC /A^ 
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A /I A O "O 

0.4422 


A A A O sk 

0.042* 


H17C 


1.0060 


0.6832 


0.5064 


A A A O sk 

0.042* 


C18 


A ^lOOA / 1 1 \ 

0.63880 (11) 


A £1 C\HO / A\ 

0.66078 (9) 


A CA1 Ol 

0.59181 (6) 


a a 1 n /o\ 

0.0127 (2) 


CI 1A 


a /:nn in /i o\ 
0.69919 (12) 


A /I 1 A AO / 1 A\ 

0.43005 (10) 


A TOO C 1 fH\ 

0./2351 (/) 


U.U165 (3) 


C12A 


A T A A /" O /I 0\ 

0.79963 (13) 


a ni r 1 / w r \\ 

0.42151 (12) 


A /"/"An /T\ 

0.66052 (7) 


A AO/I/I /ON 

0.0244 (3) 


T T 1 1 A 

H12A 


A O/l AA 

0.8400 


A A Ol 1 

0.4871 


A /" C AO 

0.6503 


A AO Tsk 

0.037* 


H12B 


0.7507 


0.3973 


0.6160 


0.037* 


H12C 


0.8737 


0.3746 


0.6742 


0.037* 


CIS 


0.96778 (15) 


0.52329 (12) 


0.90478 (8) 


0.0308 (4) 


H1S3 


1.0350 


0.5740 


0.9209 


0.046* 


H1S1 


0.9917 


0.4592 


0.9277 


0.046* 


H1S2 


0.8745 


0.5432 


0.9200 


0.046* 
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C2S 


0.97663 (17) 


0.72400 (13) 




0.70700 (9) 


0.0356 (4) 


H2S1 


0.9926 




0.7940 




0.6939 


0.053* 




H2S2 


0.8802 




0.7061 




0.6951 


0.053* 




H2S3 


1.0395 




0.6814 




0.6786 


0.053* 




Atomic displacement parameters (A 2 ) 






U 22 


U 33 




T 719 


T Tl 1 

u 13 




Co 


0.01352 (6) 


0.00968 (7) 0.00896 (6) 




-0.00053 (6) 


0.00239 (5) 


-0.00046 (6) 


01 


0.0197 (4) 


0.0074 (4) 


0.0115 (3) 




-0.0009 (3) 


0.0038 (3) 


0.0000 (3) 


02 


0.0161 (3) 


0.0090 (4) 


0.0138 (4) 




-0.0018 (3) 


0.0036 (3) 


-0.0012 (3) 


03 


0.0225 (4) 


0.0118 (4) 


0.0169 (4) 




0.0007 (3) 


0.0048 (3) 


-0.0034 (3) 


04 


0.0208 (4) 


0.0178 (4) 


0.0195 (4) 




-0.0061 (3) 


0.0090 (3) 


-0.0042 (4) 


Oil 


0.0165 (3) 


0.0155 (4) 


0.0114(4) 




0.0009 (3) 


0.0014 (3) 


0.0005 (3) 


012 


0.0227 (4) 


0.0368 (6) 


0.0167(4) 




0.0030 (4) 


-0.0017 (3) 


0.0068 (4) 


01S 


0.0299 (5) 


0.0407 (7) 


0.0243 (5) 




-0.0068 (4) 


0.0029 (4) 


-0.0023 (5) 


02S 


0.0404 (6) 


0.0390 (7) 


0.0321 (6) 




0.0006 (5) 


-0.0006 (5) 


0.0016 (5) 


01W 


0.0178 (4) 


0.0106 (4) 


0.0118(4) 




-0.0020 (3) 


0.0015 (3) 


-0.0002 (3) 


Nl 


0.0145 (4) 


0.0156(5) 


0.0114(4) 




-0.0009 (4) 


0.0023 (3) 


0.0013 (4) 


N2 


0.0159 (4) 


0.0134 (5) 


0.0107 (4) 




0.0016 (4) 


0.0018(3) 


-0.0014 (4) 


CI 


0.0180 (5) 


0.0107 (5) 


0.0109 (5) 




-0.0016 (4) 


-0.0023 (4) 


-0.0003 (4) 


C2 


0.0183 (5) 


0.0125 (5) 


0.0138 (5) 




-0.0004 (4) 


-0.0019 (4) 


0.0004 (5) 


C3 


0.0238 (6) 


0.0196 (6) 


0.0231 (6) 




0.0053 (5) 


0.0041 (5) 


-0.0066 (5) 


C4 


0.0255 (6) 


0.0103 (6) 


0.0200 (6) 




0.0009 (5) 


-0.0032 (5) 


-0.0017 (5) 


C5 


0.0288 (6) 


0.0103 (6) 


0.0236 (6) 




-0.0034 (5) 


-0.0043 (5) 


0.0035 (5) 


C6 


0.0220 (5) 


0.0167 (6) 


0.0188 (6) 




-0.0055 (5) 


-0.0002 (5) 


0.0048 (5) 


C7 


0.0184 (5) 


0.0128 (5) 


0.0141 (5) 




-0.0023 (4) 


-0.0003 (4) 


0.0005 (5) 


C8 


0.0168 (5) 


0.0196 (6) 


0.0122 (5) 




-0.0048 (5) 


0.0029 (4) 


0.0020 (5) 


C9 


0.0148 (5) 


0.0204 (6) 


0.0189 (5) 




0.0003 (5) 


0.0049 (4) 


-0.0020 (5) 


CIO 


0.0187 (5) 


0.0191 (6) 


0.0138 (5) 




0.0005 (5) 


0.0052 (4) 


-0.0030 (5) 


Cll 


0.0168 (5) 


0.0153 (6) 


0.0124 (5) 




0.0025 (4) 


0.0000 (4) 


-0.0031 (5) 


C12 


0.0172 (5) 


0.0127 (5) 


0.0135 (5) 




0.0011 (4) 


-0.0010 (4) 


-0.0019 (4) 


C13 


0.0238 (5) 


0.0117(5) 


0.0177 (5) 




0.0014 (5) 


-0.0027 (4) 


-0.0035 (5) 


C14 


0.0289 (6) 


0.0115 (6) 


0.0223 (6) 




-0.0042 (5) 


-0.0031 (5) 


0.0000 (5) 


C15 


0.0233 (5) 


0.0177 (6) 


0.0181 (6) 




-0.0070 (5) 


0.0010 (5) 


0.0008 (5) 


C16 


0.0183 (5) 


0.0157(6) 


0.0119(5) 




-0.0016 (4) 


0.0007 (4) 


-0.0017 (5) 


C17 


0.0224 (6) 


0.0340 (8) 


0.0287 (7) 




-0.0086 (6) 


0.0114(5) 


-0.0055 (6) 


C18 


0.0153 (5) 


0.0110(5) 


0.0118 (5) 




-0.0013 (4) 


-0.0014 (4) 


-0.0006 (4) 


C11A 


0.0192 (5) 


0.0145 (6) 


0.0167 (5) 




-0.0020 (5) 


0.0010(4) 


0.0014(5) 


C12A 


0.0183 (5) 


0.0338 (8) 


0.0211 (6) 




0.0070 (5) 


0.0044 (5) 


0.0040 (6) 


CIS 


0.0294 (7) 


0.0370 (9) 


0.0260 (7) 




0.0033 (6) 


-0.0021 (6) 


-0.0010(7) 


C2S 


0.0403 (8) 


0.0391 (9) 


0.0275 (7) 




0.0132 (7) 


0.0039 (6) 


0.0047 (7) 


Geometric parameters (A, ") 


Co— 02 




1.8839 (8) 


C6— C7 




1.4115 (18) 


Co— Nl 




1.8870(10) 


C6- 


-H6A 




0.9500 


Co— 01 




1.8892 (8) 


C7- 


-C8 




1.4342(17) 


Co— N2 




1.8910(10) 


C8- 


-H8A 




0.9500 


Co— Oil 




1.8995 (8) 


C9— C10 




1.5211 (18) 
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Co — 0 1 W 


1 A A C A ZO\ 

1.9454 (8) 


C9 — H9A 


A AAAA 

0.9900 


Ol — CI 


1 Tin /i/i\ 

1.3113 (14) 


C9 — H9B 


A AAAA 

0.9900 


02 — C 1 8 


1 1 ATA / i A\ 

1.3079 (14) 


riiA TT1AA 

C10 — HI OA 


A AAAA 

0.9900 


03 — C2 


1 /: az: / 1 /i \ 

1.3696 (14) 


C10 — H10B 


A AAAA 

0.9900 


03 — C3 


1 /I 1 OC /1 i\ 

1.4185 (15) 


pi 1 fin 

Cll — C12 


1 A A 1 A / 1 ZT\ 

1.4419 (16) 


04 — C 1 6 


1.3723 (15) 


/"• | 1 TT11A 

Cll — H11A 


A ACAA 

0.9500 


04 — C17 


1 A 1 ^ an / 1 c\ 

1.4279 (15) 


C12 — C18 


1 MOO / 1 /~\ 

1.4083 (16) 


Oil — C11A 


1 T70ZT / 1 /I \ 

1.2786 (14) 


C12 — CI J 


1 A 1 / 1 T\ 

1.4162 (17) 


012 — Cll A 


1 TfrtC / 1 C\ 

1.2505 (15) 


C13 — C14 


1 ■*? "7 AO / 1 0\ 

1.3708 (18) 


0 1 b — C 1 s 


1 nc £L / 1 o\ 

1.3956 (18) 


ni i tii t * 

CI 3 — H13A 


A ACAA 

0.9500 


r\ 1 O TT 1 c 

Olb — HIS 


A O A A A 

0.8400 


C14 — C15 


1 *5 ATA / 1 A\ 

1.3970 (19) 


02b — C2b 


1 /i m o / 1 o\ 

1.4038 (18) 


^1/1 TT1 A A 

C14 — H14A 


A ACAA 

0.9500 


02 b — H2b 


A O -1 AA 

U.84U0 


CI 5 — C16 


1 1 -7A-> / 1 0\ 

1.3 /02 (18) 


p. i iw TT 1 IT 7 1 

OIW — HI Wl 


A om / 1 1 \ 

0.803 (11) 


CI 5 — H15A 


A ACAA 

0.9500 


/~\ 1 ITT TT1 llfl 

OIW — HI W2 


r\ OA1 /I 1 \ 

0.801 (ll) 


Cl6 — C18 


1.4281 (16) 


Nl — C8 


1 noA / i n\ 

1.2789 (17) 


/"I -1 ^7 TT1 n A 

C17 — H17A 


A AO A A 

0.9800 


jni — C9 


1.4625 (16) 


f \ H TT i —} r> 

CI / — HI /B 


A AOAA 

0.9800 


N2 — Cll 


1.2842 (16) 


/II n TT 1 "7/~i 

C17 — H17C 


A AOAA 

0.9800 


N2 — CIO 


1.4672 (15) 


C11A — C12A 


1.5027 (17) 


CI — C7 


1 A 1 ^ / 1 /T\ 

1.4164 (16) 


C12A — H12A 


A AOAA 

0.9800 


CI — C2 


1 /I 1 ^O /1 *7\ 

1.41oo (1 /) 


/-i i o A T_T 1 

C12A — H12B 


A AOAA 

0.9800 


C2 — C4 


1 1 "7 A A / 1 n\ 

1.3790 (17) 


C12A — H12C 


A AOAA 

0.9800 


C3 — H3A 


A AOAA 

0.9800 


/~i 1 c 1 TT1 CO 

Clb — Hlb3 


A AOAA 

0.9800 


C3— H3B 


0.9800 


CIS— H1S1 


0.9800 


C3— H3C 


0.9800 


CIS— H1S2 


0.9800 


C4 — C5 


1 A f\C O / 1 0\ 

1.4058 (18) 


C2S — H2S1 


A AOAA 

0.9800 


C4 — H4A 


0.9500 


C2S — H2S2 


A AOAA 

0.9800 


C5 — Co 


1 1 C A A / 1 a\ 

1.3640 (19) 


C2b — H2S3 


A AOAA 

0.9800 


r • r TTC A 

C5 — H5A 


a ncnn 

0.9500 






02 — Co — N 1 


177.81 (4) 


XT 1 /"^A TTA A 

N 1 — C9 — H9A 


1 1 A C 

110.5 


02 — Co — 0 1 


on A A /'>\ 

87.09 (3) 


pi A t~> A TTA A 

C10 — C9 — H9A 


1 1 A C 

110.5 


XT 1 (~ ■ ... p 1 

Nl — Co — Ol 


AT az: 

92.96 (4) 


XT 1 f Ui TTATJ 

N 1 — C9 — H9B 


1 1 A C 

110.5 


02 — Co — N2 


94.18 (4) 


/— ■ i r\ (\ TTAT1 

C10 — C9 — H9B 


110.5 


N 1 — Co — N2 


Of 1 1 / /i \ 

85.73 (4) 


TTA A /- < (\ TTAT* 

H9A — C9 — H9B 


108.7 


Ol — Co — N2 


1 TO /I A / /I \ 

178.40 (4) 


N2 — C10 — C9 


1 AjC "7 C / A \ 

106.75 (9) 


02 — Co — 0 1 1 


95.47 (3) 


XT1 pi A TT1AA 

N 2 — C 1 0 — H 1 OA 


1 1 A /I 

110.4 


XT 1 f~\ 1 1 

Nl — Co — Oil 


86.71 (4) 


/"' /"» /-i 1 /-\ T T 1 A A 

C9 — CIO — HI OA 


110.4 


Ol — Co — Oil 


93.85 (4) 


/-i 1 /\ TT 1 ATI 

N2 — CIO — HI 0B 


110.4 


XT'"! t~\ 1 1 

N2 — Co — Oil 


O/" AO //I \ 

86.98 (4) 


/~T\ pin T T 1 AT) 

C9 — C10 — HI 0B 


1 1 A -1 

110.4 


02 — Co — OIW 


A A A A /OA 

90.00 (3) 


TT1AA 1 A TT1AD 

HI OA — C10 — HI 0B 


1 AO ^ 

108.6 


Nl — Co — OIW 


on o 1 //i \ 

87.81 (4) 


N2 — Cll — C12 


124.61 (11) 


p 1 p r\i \it 

Ol — Co — OIW 


OA A A //I \ 

89.49 (4) 


XTT PI 1 Til 1 i 

N2 — Cll — H11A 


inn 

117.7 


Nz — Co — 0 1 W 


OA CC {A \ 

89.55 (4) 


PIT P 1 1 T T 1 1 A 

C12 — Cll — H11A 


11-7-7 
11 /. / 


Oil— Co— OIW 


173.73 (3) 


C18— C12— C13 


120.53 (11) 


CI— 01— Co 


124.52 (7) 


C18— C12— Cll 


121.78(11) 


CI 8— 02— Co 


126.08 (7) 


C13— C12— Cll 


117.68(11) 


C2— 03— C3 


117.14(10) 


C14— C13— C12 


120.30 (12) 


CI 6— 04— C17 


117.47(10) 


C14— C13— H13A 


119.8 
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Z" 1 1 1 A z' \ 11 p „ 

Cll A — Oil — Co 


1 1 1 azu /o\ 

133.96 (8) 


P 1 -> P 1 -> TT1 -1 A 

Clz — C13 — H13A 


1 1 A O 

119.8 


f • 1 O /'"X 1 £"1 TT1 ri 

CIS — OIS — HIS 


109.5 


P 1 1 P 1 yl P 1 C 

C13 — C14 — C15 


120. 16 (12) 


PTC PI O TTOC 

C2S — 02S — H2S 


1 ah c 

109.5 


p 1 ") p 1 /l TT 1 /I A 

C13 — C14 — H14A 


1 1 A A 

119.9 


p Pi11T7 TT11171 

Co — OIW — H1W1 


1 10.4 (11) 


PIC p 1 /I TT 1 /I A 

C15 — C14 — H14A 


1 1 A A 

119.9 


p /"myw tti 

Co — O 1 W — H 1 W2 


104.6 (11) 


p 1 / PIC P 1 /I 

C16 — C15 — C14 


lift "t o /11\ 

120.38 (12) 


T T 1 11 1 1 f~\ 1 11 7 T T 1 11 71 

H1W1 — OIW — H1W2 


1 f\~7 A f 1 A \ 

107.0 (14) 


P 1 /" P 1 C T T 1 C A 

C16 — C15 — H15A 


119.8 


p o XT1 P (\ 

C8 — Nl — C9 


111 /" A / 1 A\ 

121.69 (10) 


p | A P1C TT1CA 

C14 — C15 — H15A 


1 1 A O 

119.8 


pi o XT 1 P 

C8 — Nl — Co 


1 1 C AC /ON 

125.95 (8) 


P 1 C P 1 /"~\ A 

C15 — C16 — 04 


11C C A /11\ 

125.54 (11) 


C9 — ni — Co 


1111") ZO\ 

112.23 (8) 


pi r p i /-_ PIO 

C 1 5 — C 1 6 — C 1 8 


121.52 (11) 


Cll — N2 — CIO 


120.33 (10) 


Pi A P 1 f' P 1 O 

04 — C16 — C18 


111 A A /1 1 \ 

112.94 (11) 


pi 1 p 

Cll — N2 — Co 


1 1 ~7 1 -7 /o\ 

127.27 (8) 


r\ A p 1 -7 TT1H A 

04 — C17 — H17A 


1 A A C 

109.5 


pi a XT1 /-"^ _ 

CIO — N2 — Co 


i i i /ON 

112.27 (8) 


f~\A PH TT1TTJ 

U4 — C 1 7 — H 1 7B 


1 AA C 

109.5 


Ol — CI — c / 


124.6/ (11) 


T T 1 i-t A PI1 TJ 1 "7 O 

HI / A — Cl / — HI Id 


1 AA C 

109.5 


Ol — CI — C2 


117.72 (10) 


p\ A PIT T T 1 IP 

04 — C17 — H17C 


1 AA C 

109.5 


PT P 1 PI 

C7 — CI — C2 


i i n C A / 1 1 \ 

117.59 (11) 


TT1T A P IT T T 1 1 P 

H17A — C17 — H17C 


109.5 


/"~\1 PI P >1 

03 — C2 — C4 


1 1 C 1 1 /I 1 \ 

125.31 (11) 


T T 1 TTI P 1*7/ T T 1 1 P 

H 1 7B — C 1 7 — H 1 7C 


109.5 


r~\i pi pi 

03 — Cz — CI 


1 1 ^ /I A\ 

113.22 (10) 


/ p 1 o pn 

(Jz — C 1 8 — C 1 z 


1 1 C Tl / 1 A \ 

125.72 (10) 


p /i pi p 1 
C4 — C2 — C 1 


111 /I/' /l 1\ 

121.46 (11) 


P^ PIO P 1 /" 

02 — C18 — C16 


in 1 o / 1 A\ 

117.18 (10) 


03 — C3 — H3A 


109.5 


Cl2 — Cl8 — Cl6 


1 17. 10 (11) 


p. ~> po Tyin 

03 — C3 — H3B 


1 A A C 

109.5 


/ ~\ i P 1 1 A Pv 1 1 

(Jlz — C11A — Oil 


1 1 o ni /i i \ 

118.92 (11) 


TIO A PI TTTT5 

H3A — C3 — H3B 


109.5 


/ "\ 1 ~> P 1 1 A /^1^A 

(J 1 z — C 1 1 A — C 1 z A 


11A 11 

119.12 (11) 


PI PT TT1 P 

03 — C3 — H3C 


1 A A C 

109.5 


/ \ ii P 1 1 A P11A 

Oil — Cll A — C12A 


111 n/ / 1 1 \ 

121.96 (11) 


TTI A PI TT")P 

H3A — C3 — H3C 


109.5 


P 1 1 A P 1^A TTn A 

C11A — C12A — H12A 


109.5 


H3B — C3 — H3C 


1 AA C 

109.5 


pi 1 » P1^>A TT1 

Cll A — C 1 z A — H 1 zb 


1 AA C 

109.5 


C2 — C4 — C5 


120.17 (12) 


TT1 1 A /""I^A TT1 in 

HlzA — ClzA — HlzB 


1 AA C 

109.5 


P 1 P /I T T A A 

C2 — C4 — H4A 


119.9 


P 1 1 A P 1 1 A T T 1 1 P 

C11A — C12A — H12C 


109.5 


P C P /I T T A A 

C5 — C4 — H4A 


119.9 


T T 1 1 A P 1 1 A T T 1 1 P 

H12A — C12A — H12C 


109.5 


p / PC f " 1 

Co — C5 — C4 


1 1 A ££. f 1 1"\ 

119.66 (12) 


TT1 in /"MIA TT1 1A 

H 1 zB — C 1 zA — H 1 zC 


1 AA C 

109.5 


Co — C5 — H5A 


1 OA 1 

120.2 


p. 1 o P1C TT1 Cl 

OIS — CIS — H1S3 


1 AA C 

109.5 


P A PC TTC A 

C4 — C5 — H5A 


120.2 


Pi 1 O P 1 C TT1 n 

OIS — CIS — HI SI 


109.5 


PC /"■"/" PT 

C5 — C6 — C7 


121.33 (11) 


TT1 C) P 1 T T 1 Ci 1 

HI S3 — CIS — HI SI 


109.5 


C5 — Co — H6A 


1 1 A 1 

119.3 


p. 1 o PIC TTI Cl 

OIS — CIS — HISz 


1 AA C 

109.5 


p -7 p /_ tt/; A 

C7 — Co — Ho A 


119.3 


TT1 O pin TTI Cl 

HI S3 — CIS — HISz 


1 AA C 

109.5 


p / pt p 1 
Co — C7 — CI 


11A TO /I 1\ 

119.78 (11) 


T T 1 C 1 P 1 C TT1 Cl 

HI SI — CIS — H1S2 


109.5 


C6— C7— C8 


118.98 (11) 


02S— C2S— H2S1 


109.5 


CI— C7— C8 


121.08(11) 


02S— C2S— H2S2 


109.5 


XT1 p O PT 

Nl — Co — C7 


125.23 (11) 


TT1C 1 POC TT1C1 

HzSl — CzS — HzSz 


1 AA C 

109.5 


XT 1 p O T TO A 

N 1 — Co — Ho A 


117.4 


p,1C p^C TT1C1 

02S — C2S — H2S3 


1 AA C 

109.5 


p -7 p o TTO A 

C7 — C8 — H8A 


1 1 *7 /I 

117.4 


TT1C 1 POO TTIO 

H2S1 — C2S — H2S3 


1 AA C 

109.5 


Nl — C9 — CIO 


1 A/; 1 A /A\ 

106.10 (9) 


H2S2 — C2S — H2S3 


1 AA C 

109.5 


/~i1 p p. i pi 

02 — Co — 0 1 — C 1 


1 f /" f\ A /A\ 

156.99 (9) 


p r p /T PT P1 

C5 — C6 — C7 — Cl 


A A A / 1 0\ 

0.00 (18) 


N 1 — Co — 0 1 — C 1 


tc in 

-25.20 (9) 


C5 — C6 — C7 — C8 


175.51 (11) 


Oil — Co — Ol — CI 


61. /0 (9) 


Ol — Cl — C / — C6 


1 no in /in 

1 /8.3 / (11) 


OIW— Co— 01— CI 


-112.98 (9) 


C2— Cl— C7— C6 


0.33 (16) 


01— Co— 02— Cl 8 


172.53 (9) 


01— Cl— C7— C8 


2.96(17) 


N2— Co— 02— CI 8 


-6.52 (9) 


C2— Cl— C7— C8 


-175.08 (10 


Oil— Co— 02— Cl 8 


-93.88 (9) 


C9— Nl— C8— C7 


176.95 (11) 


OIW— Co— 02— C18 


83.04(9) 


Co— Nl— C8— C7 


-7.49(17) 
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Oz — Co — O 1 1 — C 1 1 A 


-31.86 (12) 


p s PT PO XT1 

Co — C7 — Co — N 1 




175.92 (11) 


Nl — Co — Oil — C11A 


148.33 (12) 


P1 PT PO XT1 

CI — C 7 — C 8 — N 1 




O £. A / 1 0\ 

-8.64 (18) 


p i P „ p,1 1 pi 1 A 

Ol — Co — Oil — C11A 


f f CO / 1 0\ 

55.58 (12) 


/~>o xt 1 /~>A pin 

C8 — Nl — C9 — C10 




139.65 (11) 


\ja P„ P1 1 P1 1 A 

Nz — Co — Oil — C 1 1 A 


no / 1 o\ 

-125.78 (12) 


/- ■ _ XT 1 /~"A P1A 

Co — N 1 — C9 — C10 




-36.47 (11) 


{ ~\ 1 P„ XT1 PO 

Ol — Co — N 1 — C8 


a i *7 / 1 a\ 

20.37 (10) 


P 1 1 P 1 A PA 

Cll — N2 — C10 — C9 




150.81 (11) 


P~ XT1 PO 

N2 — Co — N 1 — Co 


-160.54 (10) 


C ' \n P1A PA 

Co — N2 — C 1 0 — C9 




"5 ~i AO / 1 1 \ 

-33.08 (11) 


Oil — Co — Nl — C8 


—73.33 (10) 


Nl— C9— C10— N2 




A^l CO /10\ 

43.52 (12) 


P1^I7 C ' XT1 PO 

OIW — Co — Nl — C8 


1 AH T /I / 1 A\ 

109.74 (10) 


C10— N2— Cll— C12 




1 H A C A / 1 A\ 

174.50 (10) 


1 p \t i pa 

oi — Co — JNi — C9 


— loi. /I (5) 


Co— N2— Cll— C12 




A C\H /1 n\ 

1 (1 /) 


XT'"! P~ XT1 pa 

N2 — Co — N 1 — C9 


15.38 (8) 


N2— Cll— C12— C18 




1 CA / 1 0\ 

-2.50 (18) 


on — Co — n i — cy 


1 z:a /o\ 

102.60 (8) 


N2— Cll— C12— C13 




1 nn ao / 1 1 \ 

177.98 (11) 


ni p„ xn pr\ 

oiw — Co — ni — cy 


H A 1 A ZO\ 

-74.34 (8) 


C18— C12— C13— C14 


A 1 A / 1 0\ 

0.19 (18) 


/~*o /" ,. xto n i 
02 CO Nz C 1 1 


A CA n A\ 

4. Z>0 (10) 


Cll— C12— C13— C14 




1 nn n^ /i i \ 
1 /9. 11 (11) 


XT 1 /~<„ xto n 1 

N 1 — Co — N2 — C 1 1 


-173.30 (10) 


C12— C13— C14— C15 




C\ £ A / 1 A\ 

-0.64 (19) 


1 1 P "\T1 P1 1 

Oil — Co — N2 — Cll 


A A n /1 A\ 

yy.77 (io) 


C13— C14— C15— C16 


f\ <~\ A i 1 A\ 

0.24 (19) 


Pi C ' XT1 P11 

0 1 W — Co — N 2 — C 1 1 


Of AH / 1 A\ 

-85.47 (10) 


CI 4— CI 5— CI 6— 04 




1 *7 A A'} /I 1 \ 

-179.43 (11) 


/~\o f ' xto pi (i 
Oz — Co — N z — C 1 U 


— 1 /1. 28 (/) 


C14— C15— C16— C18 




A £0 / 1 0\ 

U.6z (18) 


XT 1 f ' \TO /~* 1 a 

Nl — Co — N2 — CIO 


1 A AO ZO\ 

10. y2 (8) 


CI 7— 04— CI 6— C15 




a o o i 1 n\ 

9.33 (17) 


r\ 1 1 p xi'i pi a 

Oil — Co — N2 — CIO 


-76.01 (8) 


CI 7— 04— CI 6— C18 




1 "7A Tl /1 A\ 

-170.72 (10) 


nmr p„ xn pin 

0 1 W — Co — N2 — C 1 0 


AO *7C ZO\ 

y8.75 (8) 


Co— 02— CI 8— C 12 




5.24 (16) 


n n 
CO — Ol — CI — C/ 


1 /.82 (15) 


Co— 02— CI 8— C16 




1 HZ 1H\ 

— 1 /5.66 (/) 


Co — 0 1 — C 1 — C2 


^ £ A 1/1 /o\ 

-164.14 (8) 


CI 3— CI 2— CI 8— 02 




179.73 (11) 


PO f~\ 1 PI P /I 

C3 — 03 — C2 — C4 


3.12 (16) 


Cll— C12— C18— 02 




A H / 1 0\ 

0.22 (18) 


PT PT PI P1 

C3 — 03 — C2 — C 1 


1 *7zT 11 / 1 A\ 

—176.12 (10) 


C13— C12— C18— C16 


0.62 (16) 


rii f'"\ 

Ol — CI — C2 — OJ 


1.U4 (15) 


Cll— C12— C18— C16 




1 no oo /i a\ 
— 1 /8.88 (1U) 


P"7 P1 PI /"V) 

C7 — CI — C2 — 03 


1 TA n / 1 A\ 

179.22 (10) 


CI 5— CI 6— CI 8— 02 




1 T A TO /I 1 \ 

179.78 (11) 


m c^ a ca 

\j i — v.. i — v^z — v^*4 


1 / O.Z J {lu) 


04— CI 6— CI 8— 02 




— 0 17 (\A\ 


C7— CI— C2— C4 


-0.05 (16) 


CI 5— CI 6— CI 8— C12 


-1.04(17) 


03— C2— C4— C5 


-179.75 (11) 


04— CI 6— CI 8— C 12 




179.01 (10) 


CI— C2— C4— C5 


-0.56(18) 


Co— Oil— Cll A— 012 


172.02 (9) 


C2— C4— C5— C6 


0.90(18) 


Co— 0 1 1 — C 1 1 A— C 1 2 A 


-8.37(19) 


C4— C5— C6— C7 


-0.62(18) 








Hydrogen-bond geometry (A, °) 


D—R-A 


D — H 


R-A 


D-A 


D—R-A 


OlS— H15-012 


0.84 


1.83 


2.6671 (14) 


174 


025— H25-015 


0.84 


1.95 


2.7682 (17) 


165 


01 IF— Hlffl-01 1 


0.80(1) 


1.99(1) 


2.7334 (11) 


153(1) 


01 r— H1JF1-03 1 


0.80(1) 


2.32(1) 


2.9124(13) 


131(1) 


oiw—mm-OT 


0.80(1) 


2.18 (2) 


2.8071 (11) 


136(1) 


0\W — H1FF2-04' 


0.80(1) 


2.17(1) 


2.8840 (12) 


148 (2) 


cy— hw-ois 6 


o.yy 


2.52 


3.2610(16) 


132 


C13— H13^-011 in 


0.95 


2.61 


3.5380 (15) 


165 


C1Z4— H12S-01 


0.98 


2.38 


3.1807 (15) 


139 


C8— H8^"025 iv 


0.95 


2.55 


3.4335 (16) 


155 


CIO— HlO^-025 11 


0.99 


2.61 


3.5119(17) 


151 


C12^— H12C-02S* 


0.98 


2.62 


3.5541 (19) 


161 



Symmetry codes: (i) -x+\, -y+\, -z+1; (ii)x-l,^, z; (iii) -x+l,y+V2, -z+3/2; (iv) -x+l,y~V2, -z+3/2; (v) -x+2,y-l/2, -z+3/2. 
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